Involvement of heparan sulfate 6-O-sulfation in the regulation of energy metabolism and the alteration of thyroid hormone levels in male mice.
Here, we report that male heparan sulfate 6-O-sulfotransferase-2 (Hs6st2) knockout mice showed increased body weight in an age-dependent manner even when fed with a normal diet and showed a phenotype of impaired glucose metabolism and insulin resistance. Quantitative reverse transcription-polymerase chain reaction (RT-PCR) analysis showed that the expression of mitochondrial uncoupling proteins Ucp1 and Ucp3 was reduced in the interscapular brown adipose tissue (BAT) of male Hs6st2 knockout mice, suggesting reduced energy metabolism. The serum level of thyroid-stimulating hormone was significantly higher and that of thyroxine was lower in the knockout mice. When cultures of brown adipocytes from wild-type and Hs6st2 knockout mice isolated and differentiated in vitro were treated with FGF19 (fibroblast growth factor 19) or FGF21 in the presence or the absence of heparitinase I, phosphorylation of p42/p44 mitogen-activated protein (MAP) kinase was reduced. Heparan sulfate (HS) 6-O-sulfation was reduced not only in BAT but also in the thyroid tissue of the knockout mice. Thus, 6-O-sulfation in HS seems to play an important role in mediating energy metabolism by controlling thyroid hormone levels and signals from the FGF19 subfamily proteins, and the alteration of the HS composition may result in metabolic syndrome phenotypes such as altered glucose and insulin tolerance.